I. INTRODUCTION
A modern radioelectronic equipment contains frequencyselective devices, in particular, bandpass filters, which are necessary for high selectivity of a received signal. Depending on the structure of the filters, they are separated into bridge and ladder filters. To build such filters in the frequency range from 2 GHz to 20 GHz, microelectronic resonators on bulk acoustic waves (BAW) are used. There are several types of BAW resonator designs: a membrane-type resonator, an air-gap resonator and a resonator with an acoustic Bragg reflector. A comparative analysis of manufacturing technologies and designs of these types of resonators has shown that the structure of resonator with a Bragg reflector is promising [1] . This structure consists of a substrate on which layers of a Bragg reflector and then layers of a piezoelectric transducer are placed. The Bragg reflector is a composition of some pairs of quarter-wave layers with higher and lowers acoustic impedance and is intended to exclude the influence of the substrate on the piezoelectric transducer [2] [3] [4] [5] . Such a resonator also is named a solidly mounted resonator (SMR). The advantages of SMR are small dimensions, high reliability, temperature stability, constructive and technological compatibility with integrated circuits and functional devices and the ability to fabricate bandpass filters based on them.
From the design point of view, it is easier to fabricate ladder filters, since they have a low sensitivity to the deviation of the resonator parameters on the basis of which ones are made. In the ladder filters there is a possibility of a series connection of two resonators. This simplifies their topology and, respectively, the technology of manufacture. Typically, the design of the filter uses electrical or acoustic connections of several resonators tuned to the certain frequencies to provide the required bandwidth and the required attenuation in the stopband [6] . The electrical connection of the resonators in the filter can be provided three methods, such as: 1) connection of thin-film conductors and via-holes fabricated together with the electrode structures of the resonators;
2) connection of wire conductors attachable, for example, method of welding directly on the electrodes of the resonator;
3) connection of thin-film conductors disposed in the layer of the upper or lower electrodes of the resonator [7] .
The use of the third method of connecting resonators in the design of the filter simplifies the technology of its manufacture and allows increasing the reliability of the device. The connection is made between the galvanically unconnected upper and lower electrodes of the resonators (without the use of additional conductors and via-holes), which ensure the reliable connection of the resonators with each other. In work [8] , the authors showed that for this purpose, one can use the microelectronic BAW resonators with the Bragg reflector in which the upper layer of reflector is formed from a dielectric film serving as an electrical insulator of the thin-film electrodes from metal layers of the reflector.
II. THE PROBLEM
When creating a ladder filter based on electrically connected microelectronic BAW resonators, an important condition is the correct selection of the parameters of the resonators connected in series and parallel to an input signal. When constructing a filter based on the microelectronic BAW SMR in which the upper layer of the Bragg reflector is formed from a dielectric film, additional difficulties arise associated with capacitive coupling through the reflector. Thus, the issues of creating filters based on the BAW resonators are topical and require additional consideration.
In this connection, the goal of the paper is the development of the ladder filter based on microelectronic BAW resonators with a Bragg reflector, in which the upper layer of the reflector is formed from a dielectric film, and the electrical connection between the resonators is realized by connecting only their upper or lower electrodes.
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III. ANALYTICAL STUDEIS OF THE LADDER FILTER ON THE BAW RESONATORS
The electrical circuits of ladder filters can contain in series and in parallel connected BAW resonators, and in some cases resonators with external additional passive elements serving as the filter bandwidth expanders [7] . In this paper we consider the ladder filter based on the single T-shaped link whose electrical circuit is shown in Fig. 1 . As can be seen in the figure, this circuit consists of two series connected resonators (SMR1) and one parallel connected resonator (SMR2). We used the microelectronic BAW resonators with the Bragg reflector based on four pairs of molybdenum-aluminum (Mo-Al) layers and one pair of molybdenum-silicon dioxide (Mo-SiO 2 ) layers. In this case the silicon dioxide film is the upper layer of the Bragg reflector and makes it possible to electrically isolate the metal layers of the reflector from the thin-film electrodes of the resonators [8] . The following materials were chosen for the piezoelectric transducer: a zinc oxide film was used as the piezoelectric film and aluminum film was used as the thin-film electrodes.
When constructing a single T-shaped link of a ladder filter, it is necessary to know the parameters of the resonators that make up its structure. To determine the parameters of the resonators the calculation method was used which has been considered in [9] . Based on this technique, the design and electrical parameters of the resonators were calculated. The values of the calculated parameters are presented in Table I  and Table II. Table I and Table II show that the BAW SMR operates at frequencies above 4 GHz with the resonant bandwidth of about 200 MHz and the quality factor is equal to 200. In order to obtain the desired transmission response (S 21 ) of the filter based on this T-shaped link it is necessary that the frequencies of the series and parallel resonances of one resonator were displaced relative to the resonant frequencies of the other resonator. Other important parameters in the construction of the filter are the equivalent electrical parameters of BAW resonators, which are determined by means of an equivalent electric circuit of the resonator according to the Butterworthvan Dyke model. To preliminarily estimate the frequency response of the filter built on the basis of the T-shaped link of the resonators, the simulation of the characteristics of the resonators and the T-shaped link was performed using the equivalent electrical circuit of the resonators. The frequency dependences of the electrical impedance modulus of the resonators and, consequently, the transmission response of the filter consisting of a single T-shaped link are shown in Fig. 2 . 
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and the insertion loss of −1.8 dB. The out-of-band rejection is equal to −19.5 dB.
IV. THE EXPERIMENTAL RESULTS AND THEIR DISCUSSION
To verify the results of analytical studies were fabricated the single T-shaped links of ladder filters on based of three microelectronic BAW SMR. The thin-film layers of resonators and filters were obtained by magnetron sputtering. As the substrate material the ceramic substrate CT-50-1 was selected. The formation of the topology of the resonators and the filters was made by the photolithography operation and by the selective liquid chemical etching. The electrical parameters of the obtained samples were measured on the vector network analyzer E5071C Agilent Technologies.
The obtained samples of the ladder filters had the size of 1.25 x 1.5 x 0.6 mm. The bandwidth of the filter is equal to 4.4% with the center frequency of 4.54 GHz. The insertion loss of −2 dB and the out-of-band rejection is equal to −19 dB. In Fig. 3 shows the topology of the ladder filter and its frequency response. The comparative analysis of the analytical studies and the experimental results on the creation of a single T-shaped link of the ladder filter based on microelectronic BAW SMR shows the good agreement. Thus, it can be concluded that the Butterworth-van Dyke model allows the accurate prediction of the resonator parameters, and the calculation procedure [5] of filters can be used in the construction of ladder filters based on microelectronic BAW resonators.
V. CONCLUSION
In the paper the ladder filters based on the microelectronic BAW resonators with the Bragg reflector, and, in particular, the single T-shaped links of the ladder filter are designed. Analytical studies of the single T-shaped links of the ladder filters and the experimental results have the good agreement. The manufactured samples of the ladder filters with dimensions of 1.25x1.5x0.6 mm operate at the central frequency of 4.54 GHz with the relative bandwidth of the filter is equal to 4.4%. The insertion loss of the filter is −2 dB and the out-of-band rejection is equal to −19 dB. The obtained results will be useful to the developers of microwave filters based on microelectronic BAW resonators. 
